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duvolopmont  of  hypotension  and  dlssomlnatod  Intravascular  coagulation  (DlC). 

The  laboratory  findings  of  severe  thrombocytopenia,  prolongation  of  the  acti- 
vated partial  thromboplastin  tlrao  (APTT),  and  Incroasod  concentrations  of  serum 
fibrin  split  products  in  six  of  the  eight  Infected  monkoys  wore  used  to  nuiko  a 
diagnosis  of  DlC.  The  prolongation  of  the  AP'fT  was  Indicative  of  an  ■4e«nt*^dT  ' 
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ABSTRACT 


Experimental  infection  of  rhesus  monkeys  (Mneaca  mulntta)  with 
Machupo  virus  produced  a hemorrhagic  disease  similar  to  that  of 
Bolivian  hemorrhagic  fever  (BllF)  In  humans.  The  disease  in  infected 
animals  was  also  characterized  by  the  development  of  hypotension 
and  disseminated  intravascular  coagulation  (DIG).  Ihe  laboratory 
findings  of  severe  thrombocytopenia,  prolongation  of  the  activated 
partial  thromboplastin  time  (AP'IT),  and  increased  concentrations  of 
scrum  fibrin  split  products  in  six  of  t!»e  eight  infected  monkeys  were 
used  to  make  a diagnosis  of  DIG.  The  prolongation  of  the  APTT 
was  indicative  of  an  abuoniuillty  in  the  intrinsic  blood  coagulation 
system,  and  was  interpreted  as  indirect  evidence  of  Hngeman 
factor  activation,  wUlcl\  v;ac  the  prime  mediator  of  tlie  DIG  and 
hypotension  observed . 
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Dissemlnnted  Intravascular  coagulation  (DIC)  is  a clinical  disorder 
which  has  been  diagnosed  in  a wide  variety  o£  diseases,  including 
those  caused  by  bacterial  and  viral  infections  [1-5].  Clinically, 

DIC  is  expressed  as  a hemorrhagic  diathesis  resulting  from  the  depletion 
of  critical  blood  coagulation  f'actors  [3-5].  Other  adverse  effects 
of  Die  can  result  from  the  obstruction  of  the  microcirculation  by 
the  deposition  of  thrombi  (6,7).  Tills  can 'cause  localized  ischemia 
and  necrosis,  or  a generalized  circulatory  collapse  [2,6,7].  The 
most  common  clinical  characteristics  of  DIC  in  humans  ore  prolongation 
of  the  prothrombin  time  (PT),  thrombocytopenia,  and  hypofibr;nogeneraia 
[4,5].  The  diagnosis  is  usually  made  on  the  basis  of  these  three 
abnormalities,  or,  in  the  event  of  inconclusive  results,  with  the 
aid  of  additional  tests  such  as  activated  partial  thromboplastin 
time  (Al'Tf)  and  serum  fibrin  split  products  (FS1“)  [4,5]. 

lliora  are  several  reports  of  tills  diuorde.  , in  both  im.n  and 
animals,  resuUing  from  bacterial  infections  |1,4,B].  I1ic  relntionsbip 
of  viral  iafnetioivi  to  DiC,  however,  is  not  ns  clearly  understood. 

It  has  been  suggested  that  DIC  may  bu  involved  in  tliu  pathogonor.ls  of 
viral  heMOvrhagto  feverii  uuch  no  DoUvInn  hcmorihaglo  fevor  (lillF),  a 
disease  cauand  by  Machupo  virus,  a werber  of  the  nrimavlrid:  >•  group 
of  vlruBun  [3].  Ililu  diue.ine  is  characcorir.ed  clinically  by  high 
fnver,  iiavere  hemlaehe,  myalgia,  entnneons  liypcronthostn,  Bnoroxia, 
vomiting,  diarrhea,  epigastric  pain,  and  hleedlng,  lunduncies  (D-12]. 

Near  tlin  ond  of  the  feibrile  phnne,  liypotension  hocomen  clinically 
notirenble  and  often  leads  to  .slmelt  and  death  [9].  Daring  the 
development  of  hypolensUm,  body  terapci alure  eommoaly  docroasos  to 
noar  normal  valnes  or  slightly  bulow  |u). 


Clinical  laboratory  determinations  in  reported  cases  are  limited; 
however,  it  is  known  that  the  illness  is  characterized  by  leukopenia, 
thrombocytopenia,  proteinuria,  and  Increased  packed  cell  volume 
during  tlie  febrile  phase  [9-12],  Both  CF  and  serum-neutralizing 
antibodies  to  the  virus  can  bo  detected  from  25  to  30  days  after  illness 
[9].  Consistent  histopathologic  lesions -in  fatal  human  disease  include 
hepatic  necrosis,  interstitial  pneumonia,  and  congestion  and  hemorrhage 
in  various  tissues  [131. 

Although  many  of  the  clinical  and  pathologic  lesions  of  BUF  in 
humans  indicate  the  presence  of  DlC,  its  pathogenic  mechanism  is  not 
clearly  understood.  'H\e  rhesus  monkey  (Macnca  mulatta)  has  been 
used  ns  a model  for  experimental  Machupo  virus  infection  to  study 
both  clinical  signs  and  pathologic  lesions  in  bllF  [14-16).  Many  of  the 
findings  in  monkeys  closely  resemble  tliosc  that  have  been  reported  in 
liuimins  severely  ill  with  the  disease.  It  was  ti)o  purpose  <»f  tlKs 
study  to  d«t<5rmine  the  role  of  intravascular  coagulation  in  Che 
patljogcncsls  of  bHF  in  M,  mulatta  experimentally  infected  with 
'Miichupo  virus, 

Natoria^s_fimj  Meit«o<h» 

Kighioen  healthy,  young,  adult  M,  mulatto  wore  used. 
Monk<78  were  chosen  without  regard  to  sex,  snd  ranged  in  weight  from 
2.5  - 5.0  kg.  lliey  were  vandotily  divided  into  two  groups.  Group  1 
consisted  of  six  viru.s-infcuted  mu)  iliree  noninfocted  monkeys  which 
were  u.sod  for  arterial  Mood  pressure  and  lieari  rate  meiisuremems. 

Group  2 was  composed  of  viglii  vlrun-lnfecied  ami  four  noninfected 
monkeys  which  were  used  U\  blood  coagulation  studies.  Group  1 
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noninfected  controls  were  reused  in  group  2. 

Animals  used  in  the  blood  coagulation  studies  were  housed  in 
galvanized  steel  cages  within  a biological  containment  facility» 
previously  described  (171.  All  of  the  monkeys  wore  provided  water  and 
standard  monkey  chow  ad  libitum. 

Sterile  intravenous  and  intraarterial  catheters  were  surgically 
implanted  in  the  monkeys  under  Fluothane^  (Ayerst  Laboratories,  New 
York,  N.V.)  anesthesia  by  the  method  of  Wakeloy  et  al.  (181  with  the 
following  modifications.  Arterial  blood  pressure  and  heart  rati  were 
determined  using  a 19-gauge  firm  polyethylene  catheter  placed  in  the 
left  carotid  artery  and  directed  Into  the  dorsal  aorta.  A flexible 
18-gaugc  Silastic  catUccor  (Dow  Corning  Corp.,  Midland,  Mich,)  was 
placed  in  the  left  external  .-tugular  vein  and  directed  into  Che 
iufovlor  voua  cava  for  tUu  purpose  of  obtaining  venous  blood  samples. 
Immediately  following  t'urgery,  anescheth:ed  monkey-;  were  placed  in 
primate  roiiCvainiug  chairs  in  tl;e  biological  eontnlnmcnt  facility. 
Patency  o!  the  catheters  was  maiutolmd  by  flusl)ing  with  hopurinized 
0.9X  saline. 

Rectal  Comperatureu  wore  measured  et  tl»o  aamo  time  each  day. 

A comittHrcially  available  llemocculc*^  Ull  (SioUh,  KUne  Ulagnuslirn, 
Sunnyvale,  Cal.)  wan  uaod  lo  tout  for  occult  blood  in  the  fecvs  of  each 
moukoy  once  d.iUy. 

All  vlrna-lnforted  moiiHcyu  died  and  were  necrepnied.  Tljianes  were 
fixed  in  \0Z  neutral  phosphate  Iniflered  fcuwalln,  embedded  <n  paraffin, 
sectioned,  and  lUained  with  lieimiioxyl in  and  oosin  for  examinaUoit  by 
liglH  mlcitutcopy. 

. Physio  lop,  lea  I m\snm  r emei  t j a . Arterial  blood  presume  aiul  heart 


rate  wore  recorded  In  chair-rcstrained  monkeys  by  the  method  of 
Forsyth  et  al.  [19].  llin  carotid  artery  catheters  were  connected  to 
P23  Statham  strain  gauj»e  pressure  transducers  (Gould,  Inc.,  Cleveland, 
Ohio)  witli  leads  attached  to  a Model  200  Brush  recorder  (Gould,  Inc.). 
Recordings  were  made  at  the  same  time  each  day  from  each  monkey  for 
appro.xlmatcly  5 min;  Heart  rate  (bcats/min),  diastolic  and  systolic 
pressures  (mm  llg)  were  obtained  directly  from  the  recordings.  Pulse 
pressure  was  calculated  by  subtracting  diastolic  from  systolic  pressure. 
Mean  pressure  (mm  llg)  was  calculated  as  one-third  of  tl»e  pulse  pressure 
plus  diastolic  pressure.  Recordings  were  nuidc  on  five  consecutive 
da>\s  to  establish  base- line  values. 

Uomatolo;-,ic  dote^mlnat  ions.  A venous  blood  sample  was  obtained 
from  each  monkey  on  three  aUernatc  days  during  a five-day 
pro-oxporimc\»tal  period  to  determine  base-lino  val\>os  for  each 
variable  studied.  Immodlatoly  after  the  final  base-line  somplv 
obtained,  tl\o  monUcya  were  inoculated  8C  with  oirlun*  0,5  ml  of  0.95J 
ealino  or  0»5  ml  of  a suspension  of  the  Carvallo  strain  of  Machupo 
virus  appt'opriaU’ly  diluted  to  contain  3.x  10  pfu  of  virus. 

Pootinotulaiion  blood  aamplos  wore  also  obtained  on  altcrn.vlo 
daya  during  the  waeU;  no  samples  were  oblalnml  on  wookondu.  Blood 
samples  were  obtained  for  a period  of  three  to  four  weeks,  including 
the  pro-experimental  baRe-llnu  perlwl.  Venous  blood  was  decanted  into 
etevUc  plaatic  cubes  containing  <?lthor  sodium  citrate,  or  no 

additive.  Blood  npeciua;um  containing  sodium  citrate  (one  volume  3.8^ 
«odlum  citrate  to  nine  volumes  of  wliolo  blood)  were  used  for  PSP, 
fibrinogen,  PT,  and  AlTf  deieimln.it  tour.  Tltese  s|»eclim»ns  were 
cuniviluged  ai  2,500  rpm  for  20  mln^  after  vhleli  tho  supernatant 


plasma  was  pipetted  Into  separate  plastic  tubes.  Fer  FSP  and 
fibrinoj’en  assays,  0.5  ml  of  plasma  was  added  to  0.5  ml  of  a clotting 
solution  (pi!  7.3)  containing  25  inM  CaCl^,  308  mM  NaCl,  100  mM 
c-aniinocaproic  acid,  and  25  mM  Tris  (Parke,  Davis  and  Co.,  Detroit, 
Mich.).  The  plasma  and  clotting  solution  mixture  was  incubated  at 
22  C for  60  min,  with  gentle  digital  shaking  every  10  ~ 15  min  to  aid 
in  ciot  retraction.  After  incubation,  the  clot  was  compressed  against 
tl>e  side  of  the  tube  with  a small  laboratory  spatula.  Tlic  clotted 
sample  was  then  centrifuged  at  4,500  rpw  for  20  min.  The  supernatant 
serum  was  pipetted  into  a separate  plastic  tube  and  stored  at  -70  C 
until  avssayed  ftv  I'SP.  ’Ilie  clot  remaining  in  tlje  tube  was  stored  at 
-70  C until  assayed  for  fibrinogen  concentration,  wldch  was  by  an 
automated  Lowiy  technique  [21]  vising  an  Auto  Analyjivu*  system 
(Tcchnieon  Instvvuuont  Corp.,  Tarrytovai,  K.Y.). 

Scrvim  PSP  \a>re  moasvMvd  by  haurell's  wnthod  of  clnctvoimmuaviai^say 
[20)  wUh  tins  following  i '■ical-lons.  The  f ibrimigen-volated 
aiulp.en  atanvlavds  were  dilutions  of  pooled  rhosuH  monlu'-y  plasma 
‘containing  555  u>*  fil»rlnog*;u/ml. . Conwcrcially  avaUablv  rahhli 
ant  iserum  agcimii  rhesvm  l iln  inogeu  (Cappoll  bnbmaroi  les,  lue., 
Downlugtown,  Pa.)  w.»:»  l»*roiporaUid  inin  the  ngnv  gel. 

Simplasiin*'  (C.ctwnJ  lUagnoRUcti,  Morris  Plfilns,  N.J.)  vvVts  vised  in 

i> 

doieimlning  )‘T  amt  Automaiml  APT*  (Coiivn'iii  Diagnoaticr.)  for  delermlnlug 
APTT,  mi  rv‘Coi.vf.ended  Py  Che  inamifaciurer.  Clol  foimatltm  was  timed 
(seconds)  auumallcaUy  by  ilu:  vnu>  of  a nhrometvM*  (IhilU 
Uiotngleal  hahoralorltn,  Coekviyiwil U?,  Md.)  In  both  in 

blood  (laifpleti  mixed  with  KUTA  (0.02  ml  MUTA  lu  1.0  mi  vUule  hUuul) 
wore  uned  immediately  to  del  rminu  Uirmuhoryie  eonnis  and  paeti'd  cell 
volnmen*  Throuthoeyieii  wore  eounLovi  liv  a houKicyiemeivir  aiier  preparai  ion 
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by  the  Unopetl.o^  method  (Bccton,  Dickinson  and  Co.,  Ruthoriord,  N.J.). 
Packed  red  blood  cell  volumes  were  determined  ns  described  previously 
[15]. 

Serum  was  used  for  sorbitol  dehydrop.enase  (SDH),  albumin, 
electrolytes  (N.i  , K ),  viremi.'i,  and  nentrali:'ing  antibody 
determinations.  Serum  to  bo  assayed  for  SDH  or  albtnnin  was  held  at 

K 

4 C until  testing,  which  was  within  1 l»r  after  sample  collection.  Serum 
samples  for  the  other  variables  mentioned  wore  stored  at  -70  C until 
used. 

Scrum  SDH  was  measured  spectropliotomctricnll y by  the  method  of 
Uelsnor  ot  al.  122)  using  a cominerciany  available  kit  (Sigma  Cliemlcal 
Corp.,  St.  Umls,  Mo.).  Albumin  was  also  measniied  spectrophotonivtvieal.ly 
using  a commoix  lai  kit  (American  Monitor  Corp.»  Indianapolis,  Ind,). 
Electrolyte  aiualy.ses  were  done  by  fiai:.e  photometry  (Model 
InhUnntvntaCion  l.aboi\it(»ry , l.c.xlngtou,  Mrt’..-.). 

ViiuB  asaayti  were  }KrfC‘n«v‘d  by  the  dirv'cc  ennmerntion  of  vCwts 
plntjuc  on  Veto  crU?.  (n  evntimimiH  llnv  of  African  green  wonl.cy 
kidney  cully).  A«Miy«  for  nontraUr.itH*  n»ulbt*dy  were-  b tftud  on  ih<* 
big)te(it  dilution  of  senun  that  Inhibltnd  8^51  oi  ttoro  oi  tiic  Maenupo 
vitu.-*  pla»}o«  •.  nyed.  The  vlnm,  virus  assay,  and  ncmvalltiiin*  antibody 
duierminationu  l»ave  all  been  doacribed  prcvinunly 

iiiiilL’iUfil'  yV.O.' '*.1.?.’  th’oup  n^.io  Values  wove  cuwpatcd  by  unc*  of 
a "t"  lujii  stati.ntic  where  appropriate. 

lUnnil  \n 

ellnlcai  ninna  of  dlnei»ne  in  ilu* 

vir\m»inU‘ctod  in<nikeyii  eUo.oly  vo.'Jombled  iho'i’  in  experimetu.jHy 


infected  rhesus  monkeys  previously  desc.ribed  by  Knstcllo  et  al.  [15] 
and  included:  letlar^y,  decreased  appetite  (to  complete  anorexia), 
dehydration,  cpistnxis,  skin  pctechlae,  and  bleedinj.’  j;unis.  Occult 
fecal  blood  was  an  infrequent  finding.  Although  the  illnesa  v;as 
lnv^^l<Jbly  fatal  in  infected  monkeys,  it  was  more  acute  in  the  cliair- 
rcstrained  tiian  cage-confined  animals,  with  death  occarring  al  an 
average  of  13  days  postinoculation  in  tlie  former  and  21  days  in  the 
latter. 

Uectal  temperatures  began  to  increase  in  the  cheiv-vestrained 
infected  monkeys  on  day  3 po.st inoculation  (riguro  X).  Ihe  wean  level 
of  fever  e.xceeded  39. S C,  Temperalni'ts  began  to  dccreaf;e  after  day 
7,  and  ueve  lens  than  36  C in  all  infected  weaUeys  for  12  - V\  hr 
before  dvat)u 

arlorial  blued  pressure  vas 
similar  in  ijifecto-.l  o'vl  nnninr.'sted  cUalr-renrrninrd  mnikvys  until 
day  (i  posUneve.l.'itton  (figure  i).  Subsequent  to  day  6,  wean  blood 
prqaKui^  incr^ast'd  gradually  in  tUo  mmh.fertcd  «2mur'*»ls  until  d-.y  9 
when  th.r  early  pveiu**culut5ou  Icvelr  wer«‘  vngain  reavhcd»  by  emdrari, 
Infucvru  wpu*  eys  ghgwvd  a d«>rr.;v.nu  In  >:h*.^n  blond  pressure  begiunlng 
on  day  6 po:Jna»-*.‘uilat  iwa.  Ihiii  decica^^  in  blood  prtuituue  eoln  idvd 
roughly  with  dnfvmnsconeo  «n  Infected  moulicyu*  Menu  blood  pvi’ssure  of 
infected  wnheyr  v/ns  slguKtcraU  )y  decreased  (£  ‘ 0.05)  on  dnya 
7 and  9 - when  compared  to  lumiufected  eoutrols.  However,  trltical 
UypotvmUon  (to  less  than  5$  to  60  llg)  vM.a  not  seen  in  any  of  ihe 
infevJed  wonV.eyu  until  the  lani  two  or  three  days  of  illness  heiort 
dvaih.  There  was  no  aipiiif leant  varl.iitou  in  lieart  rale  heiveen 
the  luferied  an  - ue.niul ecled  t^niUeyn  \iiu  U the  terminal  it’age  of  the 
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illness  when  Ijeart  rate  decreased  dranuitlcally  in  infected  monkeys 
which  were  in  a moribund  condition. 

HenuUol oiyic  doieriinnat ions . Thrombocytopenia  occurred  In  each  of 
tlie  cago-conf incd  infected  monkey?;.  Mean  tliroinbocytc  counts  of  the 
infected  group  were  significantly  lower  (J^  < 0.05)  than  tliose  of  tlie 
noniufecteci  group  on  days  5 - 21  po  . inoculation  (figure  2). 

There  was  no  .iignificaut  variation  in  the  mean  PT  in  tlic  infected 
monkeys  when  compared  to  noninft.ted  controls  during  the  study.  In 
contrast,  prolongation  of  the  APTf  in  infected  mor.keys  was  dramatic 
(figure  2).  Onset  of  proU-nged  APTT  coincided  \'/it'n  defervescence  at 
day  7 post inuculat ion.  11-e  AiTP  was  significantly  increased  (P  < 0.05) 
in  infected  monkeys  vlicn  comiarcd  to  Uu*  nonlufectod  controls  on 
days  V ■ 21  (figure  2). 

Gorunt  V'S**  vent  .letccted  in  of  the  eip.ht  infected  i-'onl;eys  from 
days  ll‘  to  21  pogtivioeulation  (figure  2).  The  hiidn-st  mean 
coiU'CiuU’ntlon  of  h»  the  infoetc-d  group,  10,5  ug/ml  serup, 
t>ccurrtd  ou  day  J«»  per- 1 inoculation.  Tittt  U-velu  of  gmim  FJU*  in 
infected  meuh>.‘ys  weru  algnif Kandy  different  (P_  < 0.05)  on  days 
14  and  17»  when  compared  i;e  noninfected  cot»rielu. 

Mean  BCMim  {»0H  1ovo*.h  «;ore  elevated  in  Infcctod  monkeyn  as  em  ly 
a»  dav  4 ppr.tinocul..tU»u,  .•;nd  wore  nlgniriranOy  grtni‘'r  (]^  0.05) 

than  iboJ.e  of  nonlnfor.U'd  c.omroln  on  days  7-21  (figure  5).  Thu 
bighent  tnean  setuft  roiu  vni rai  ion  In  iho  Infucie  ! group,  1,190  Hlgma 
unH^/ml,  war  ohaorved  on  day  17  poatlnocul-Mt  ion. 

Sotum  .nlbumin  comenivai  iona  were  olgnll  K am.ly  lower  (P  - 0.05) 
in  i«ieci«-d  monkeva  when  compared  to  noninleelrd  eonu'ols  »*n  vhty«  !j  - 
21  punt  iuoculat  ion  (figure  ^).  Mi\-m  levels  of  surum  albumh;  in 
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infected  monkeys  decreascu  almost  30%  from  preinoculation  levels  by 
day  7 postinoculation,  and  remained  depressed  throughout  the  illness. 
Changes  in  serum  albumin  concentration  coincided  with  increased  serum 
SDH  levels  in  the  infected  monkeys  (figure  3). 

Mean  plasma  fibrinogen  coficentration  increased  in  the  infected 
monkeys  beginning  on  day  7 postinoculntlon  (table  1),  and  remained 
elevated  in  five  throughout  the  illness.  I'he  levels  were  decreased  in 
the  remaining  three  monkeys  from  days  19  - 21. 

Mean  packed  coll  volumes  decreased  progressively  in  infected 
monkeys  from  day  3 posCinoculation  tliroughout  the  Illness.  Packed 
cell  volumes  \)ere  decreased  by  40  - 45%  of  the  preinoculation  values 
in  infected  monkeys  during  the  illness.  Tliore  were  no  significant 
LliniU'.c!:  tn  Uiu  Horum  alcclrolyco  (Kn  , K ) conccuri-dtJonsi  in  thn 
Infcciwl  noiilu  y#  diirlns  lln>  sunly. 

Vlrt'ini.'i  n_ml  otMI'Oi!'.*  The  gcoi:u*u’ic  r.o.'jn  vlruH 

Ulgvn  ill  novii  tif  liiCBaCuii  iconlinys  wt-i'ti  sliull.H’  ip  Uipsp  i.i'pviPiiRly 
duiievlbt'il  fill'  rhti.iis  iiionkfy,s  I'y  IgitUtSli/  oi  f.l.  U!>)t  Kpm'  p1  six 
cliiilv-vmitvaimHl  iwml  pyn  Ih  pihpp  vircialc  .by  diiy  b ypsiiiiioculiu  Ion, 
ami  111!  of  tlipfi  wore  viroiuic  hy  il;>y  7.  In  toiilid':!. , four  of 
oil’.hi  aii',o-Poiif  inoit  inuikey -i  won)  viroKiU-  hy  iliiy  !t  iipfU  tnoful.'U  inn, 
ami  nil  upro,  by  day  10.  Vireini.n  iviiui  1 no i ,‘it  lil;,h  Uivpls  thi'uur.hpii; 
till'  iUiiPiui  in  a',1  iiifpclrd  nimltpyR,  nud  Iho  ot |pr i I y dos'clniipd  iia 
di'UMUiblp  nuruiti  mniiial  Izliif,  a’lclbiidy  to  M)irhii;>o  vtriui  |>r!pr  to 
di-alh.  how  lovol  mu  Uipdy  tliorii  of  liK,  vvro  dolorlpd  lii  only  two 
immhi'Vti  nil  d.iy  ill  i>oni  iimi'olni  ion, 

I’.'llhoUni't*  loiiltmn.  TypliMl  y,rm;>i  (uUliolo;-‘,l(*  U-nlinix  idinorvud 
dm  I nr,  noiTPOity  of  iiiloolOil  iittmlioy,!  imtudoil  ii.ilo  yollou  Jlvorn,  itkin 
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petachlae,  and  gingival  hemorrhages,  llic  most  common  microscopic 
lesions  observed  were  hepatic  necrosis  and  necrotic  enterocolitis. 

Less  frequent  microscopic  lesions  included  esophagitis,  pharyngitis, 
cystitis,  adenitis,  pulmonary  and  myocardial  hemorrhages  and  nonspecific 
degenerative  changes  in  vascular  endothelial  cells.  Fibrin  thrombus 
deposition  was  aetc-.cted  in  only  one  infected  animal,  In  the  renal 
glomerular  capillaries. 

Discussion 

The  cxpor-incntval  infeciion  of  M.  mulgtta  with  Machupo  virus 
produced  a hemorrhagic  discaac  similar  to  that  of  P»Ur  in  humans, 
although  the  inovtallcy  rate  was  higher  than  that  normally  occurring 
in  man  (9).  TI»o  dlscaso  in  monkeys  was  also  charoctcrir.ed  by  DTC 
and  hypoteuHiou. 

htachupu  virus  iuCuctlcn  In  c.lmiv-i  « scvalncd  animaly  caused 
hyptduncLon  slwiiar  vo  that  which  has  boon  reported  in  hurums 
with  ti«o  diaenso  |9).  Ducreaaos  in  mv^an  blood  prerauro  conelnted 
with  hypothermia,  as  liad  been  scon  in  mn  19).  Mypotonalou  devulopod 
gradvpUy  and  rca'^hed  criticnl  Jevolo  at  the  U‘r»uUvii  stage  of  Clio 
illnONs  in  uncit  animal. 

Thfl  appeavanee  of  non^ptcinc  degenoralivu  rliaagea  In  vaaculnr 
cndoihulium  during  tUu  auuiu  phmut  of  the.  diacatu^  in  uonoiiUent  with 
previoua  obaurvatlona  of  ovUnrs  116).  Wdy  ot  »U  (U|  reporiod 
uidoapread  vancuHtiu  during  ihu  laiur,  oncopbalitfu  phaao  of  Haclmpo 
vlrutt  infection  in  M.  «juL<< u>.  Hio  noimpoclflu  changua  suun  in  the 
aenU*  ph.iae  .ue  piohahly  ihe  fmei'unnoi*  of  ihu  v.ir.euUlia  reporU’d  in 
the  cnu-ephalii  {('  phaae,  .tmi  thin  iii|nvy  could  have  induced  U.igeiiciu 
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factor  (factor  XII)  activation.  It  has  been  suBscsted  that  viral 
infections  can  initiate  DlC  through  the  intrinsic  blood  coagulation 
pathway  by  endotlielial  injury  which  induces  flageman  factor  activation 
[4,6],  Tlie  pathogenesis  of  the  hypotension  that  occurred  in  Infected  M. 
null atta  may  ai.so  have  been  due  to  Ilageman  factor  activation.  Once 
activated,  Ilageman  factor  catalyzes  the  in  vivo  conversion  of  the 
inactive  plasma  enzyme  kalllkreinogen  into  its  active  form,  kallikrein 
[24],  Knllikreln  then  cleaves  plasma  kininogen,  producing  the  potent 
vasodilator,  hradykinin,  which,  in  turn,  causes  hypotension  [4,24]. 

The  finding  of  thrombocytopenia,  prolonged  Al’TT,  and  elevated 
serum  l’,sr  in  six  of  the  eight  cage-confined  infected  monkeys  vais  used 
for  a diagnosis  of  DIG  in  these  animals.  Although  the  thrombocytopenia 
and  prolonged  Al'TT  were  sigaiflcant  in  tl.e  remaining  ti;o  monkey.s,  tlie 
results  of  the  anaaya  for  serum  I'Sl*  were  inconclusive  for  a dlagno.sls 
of  DlC. 

Thrombocytopenia  is  the  roost  comitiitcnt  clinical  abnovroallfy 
found  in  human  pnCJenls  with  DIG,  rogardlesn  of  the  underlying 
diBo.ise  procipltaling  the  disorder  (l,,‘>li  SirolJavly,  it  was  ohsorvod 
In  all  eight  of  the  infected  monkeyii.  In  ihrorohocytopenia,  red 
bloo.l  eelln  iiuiy  be  loal  rlirough  bloo.l  v.^snel  walls  and  .snbnequviu ly 
ontev  the  lymplwii  ic  syaleia  and  appear  finally  an  petechiae  or 
ecchyronacu  of  ihe  akin  [fi].  11iin  wan  curoronnly  uuun  in  the  form 
of  akin  pelecUtiU!  In  the  Infcr.lod  v.umUey.K  in  thla  aludy. 

The  exact  rauae  of  thromhoeytopcnla  In  InfeeieU  roimkeyn  waa 
not  deler, allied,  it  may  have  hoeii  the  remillii  of  depletion  of 
tliromhorylea  by  liicravaaciilar  coagiilal  tun,  decreaneil  iiroduel ion  of 
ihrowlHuyleii  due  to  vlral-tndueed  hone  nrivrow  depreaalon,  or  hoili  [6]. 


* 14 


The  severe  prolongation  of  the  APTT,  which  occurred  in  all 
eight  of  the  infected  monkeys,  was  indicative  of  a critical  abnormality 
in  the  intrinsic  coagulation  pathway  [f>] . The  APTT  in  especially 
sensitive  to  deficiencies  of  clotting  factors  V and  VIII  through 
XII;  a deficiency  of  any  one  of  these  factors  could  result  in 
prolonged  APTT  [6]. 

The  extrinsic  coagulation  pathway  was  also  considered,  but  did 
not  seem  to  be  involved  in  the  pathogenesis  of  the  coagulopathy  in 
infected  monkeys.  Prolongation  of  the  PT,  which  is  indicative  of 
an  abnormality  in  the  extrinsic  coagulation  pathway,  was  sliglit  in 
Infected  monkeys  and  at  no  time  was  it  determined  to  be  clinically 
abnormal.  Although  the  PT  l.s  less  sensitive  to  clotting  factor 
deficiencies  than  APTT  (4),  we  concluded  that  the  extrinsic  coagulation 
system  was  not  involved  in  the  pathogone.is  of  thv  coagulopathy 
in  the  infected  monkeys. 

Although  there  was  a critical  deficiency  In  the  Intrinale 
syiitcm  In  the  Infected  monkeys,  as  Indieatiul  by  the  p.  elongation 
of  the  APTT,  the  occurrence  of  sermn  PUP  in  six  of  tlu'in  auhslanUnted 
a diagnosis  of  PTC.  Tlie  role, “..so  of  excoatt  PSP  into  the  circulatton 
as  a result  of  enhanced  fibrinolysis  niiiy  uxacurbate  the  huroorrliagic 
diathesis  asaociated  with  DIC.  by  Inhihltlng  throinhoeyce  fuactii'na 
(adhesion  and  aggregation  to  subcudolhel lal  connective  tissue)  aud 
fibrin  monomer  polyiuerixation  |f>!. 

The  concentration  of  fibrinogen  in  plasma  of  human  patients  with 
Die  may  ruimiin  nurmal  or  hecomo  slightly  elevated,  due  to  an 
oqut ! Ihrlum  between  the  rate  of  degradation  of  fibrin  and  the  synthesis 
of  fibrinogen  14, ,S).  It  has  heeu  reported  that  the  release  el  PSP 
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Into  the  blood  inny  slRnal  the  release  of  stored  fibrinogen  from  the 
liver  [25]..  These  phenomena  are  consistent  wJtli  the  elevation  in 
plasma  fibrlnog.en  concentration  in  the  virus-infected  monkeys  which  was 
accompanied  by  the  appearance  of  FSP  in  the  blood. 

Hepatocellular  necrosis  occurred  in  infected  monkeys  ns  early 
as  day  4 postinoculation  and  became  increasingly  severe  as  the 
disease  progressed,  indicated  by  the  progrcissive  elevation  in  serum 
SDH  concentrations.  The  elevated  serum  SDH  concentrations  correlated 
with  hypoalbumineniia  and  prolongation  of  the  APTT.  This  prolongation 
may  have  been  due  to  deficiencies  of  blood  coagulation  factors  I or  V, 
which  are  synthesized  by  the  liver,  or  II,  IX,  or  X,  all  of  whicli 
require  vitamin  K for  synthesis  by  the  liver  [4].  The  hypoalbuminemin 
was  probably  due  to  decreased  liver  synthesis  because  of  severe 
hepatocellular  necrosis,  and  may  have  c.aused  or  exacerbated  tlie  systemic 
arterial  bypoiuiislon  in  Infected  monkeys  by  vesulting  in  a decrease 
in  the  colloid  osmotic  pre.ssnro  of  plasma  126,27). 

Ducked  coU  volnnen  in  the  cage- confined  Infected  monkeys  may 
he  affeetud  iiy  siucli  faclofs  ns  dehydration,  rod  lilooJ  cell  size,  and  the 
method  of  asiiay.  A decrease  in  paektd  cell  volume  is  difCirnlt  to 
uxplclii  in  this  study,  as  tliere  was  little  evidence  of  homolyi.is  in 
norum  samplea  and  tlia  Weeding  cendenclef.  nolod  cllnicuJly  were  not 
severe,  i’recic.e  meiisjuremiet o of  the  slate  of  hydr.'itlon  io  the  aniraalfi 
were  not  done;  however,  the  infected  animals  did  sluiw  clinical  signs  of 
dehydration  .‘111011  ns  decrcaiied  skin  eliintleity  and  sunken  orhit.a. 
Therefore,  decreai.ud  packed  cell  volomeii  occeried  at  a time  when  we 
expected  the  revenio  to  occur. 
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Tests  for  occult  fecal  lilood  were  positive  in  only  two  infected 
monkeys  during  tlie  terminal  stage  of  tlie  illnoss.  Tims,  it  would 
appear  that,  as  in  htimans,  gastrointestinal  bleeding  docs  not  play 
a significant  role  in  the  pathogenesis  of  the  disease  in  monkeys. 

More  consistent  sijpis  of  bleeding  were  eplstaxis,  skin  petcchiae,  and 
gingival  hemorrhage. 

Altliough  the  deposition  of  fibrin  tliromhi  occurs  during  PIC,  the 
aevcrity  of  this  finding  is  extremely  variable  [4,5].  It  is  more 
difficult  to  detect  when  DIG  is  of  relatively  short  duration  or  when 
active  flbrlnolyals  occurs.  Detection  of  fibrin  thrombi  is  further 
dependent  on  the  fortuitous  selection  of  appropriate  tissue  sections. 
Fibrin  thrombus  deposition  was  detected  by  microscopic  e.samination  of 
tlssuen  In  only  one  Infected  monkey  In  this  study,  but  tlie  presence  of 
fibrin  thiombl  in  tl'U  other  infected  monkeys  Is  not  precluded. 

In  conclusion,  IllC  Is  associated  wltli  the  pathogenesis  of  UlIF  In  M, 
imilnf ta.  The  eongnl.itlon  abnormality  appeared  to  be  In  tbe  tnCrlmiic 
eongnlal  Ion  iinthway,  and  was  Indicated  by  Ibc  prolongation  of  tbe  APTT. 
■ThiB  prolongation  could  bavo  been  due  to  tUlier  dccrenr.cd  hepatic 
syntlieulH  of  clotting  tacloni  emtentlal  to  the  proper  functioning  of  the 
intrinsic  synlcm  or  to  octlvntlon  of  llnguman  factor,  Tlic  occurrence  of 
early  and  progroBu tve  oluvntions  of  scrum  SPII  In  nil  of  iho  infected 
munUoys  was  used  ns  a measure  of  liupnlocellulm'  damage,  which  could  tiavo 
compvomliicd  tlic  hepatic  synthosln  of  clotting  factors  and  ocher  pliisma 
proU'Inii.  The  syiiiemtc  artovltsl  hypotension  that  occurred  in  infected 
imml'.eyn  mtiy  have  been  dno  to  the  comhtnod  effocls  of  docretised  hep.iUc 
synilu’Sin  of  albumin  ullh  a concomitant  dotioaso  in  the  colloid  osmotic 
prossiire  of  plaiiimi,  and  .icllvatlon  of  Ihu  KIntn  »yitti-m  via  activated 
llagoman  farli>r. 
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Figure  1.  Mean  rectal  body  temperature  and  artcria]  blood  pressure 
in  chair-restrained  rhesus  monkeys,  measured  before  and  after  the  sc 
inoculation  of  1,000  pfu  of  Machupo  virus  (n  - 6)  or  saline  (controls, 
n = 3)  on  day  0.  The  onset  and  duration  of  viremia  in  virus-infected 
monkeys  is  indicated  by  the  shaded  area.  Numbers  in  parentheses 
indicate  the  number  of  surviving  infected  monkeys  tested  that  day. 
Standard  errors  of  the  mean  are  presented  where  values  arc 
significantly  different  from  t!»ose  of  controls  (I^  < 0.05), 


Figure  2.  Mean  tlirombocyte  counts  (top),  activated  partial 
thromboplastin  times  (middle),  and  fibrin  split  products  (bottom) 
in  cagC'Oonrit.ed  rl>c^us  monkeys,  mcastircd  before?  and  after  tlto  sc 
inoculation  ol  1,000  pl'u  of  Machupo  virus  (n  » 8)  or  saline  (eonti'olc, 
n » 4)  on  day  0.  For  fibrin  split  products,  the  numborr  U\ 
parcuiltcses  itullour.o  tiu-.  numbet  of  JnCoclod  mot?keys  will?  ponltivo  values 
on  llwjt  day.  Tiic  onrei  and  duration  of  vlvemin  in  vlrua-infuetcd 
irtonUeys  is  luvllcatod  by  the  nhaOed  area,  Standard  errors  oC  the  woa?\« 
are  prose '.tod  vdie'-'u  v.-tluen  arc  signhMcimtly  different  from  v)jose  of 
controls  O'  < 0.05). 


Figurn  3.  Moan  concent  rations  of  norbUo)  dchydi  ognnnse  and 
albumin  in  ncra  of  cage-confined  rbcaun  mon’eyn,  me.anuied  before  and 
aftor  t)ie  ac  inoculation  of  1,000  pfu  of  Maclmpu  virus  (n  " 8)  or 
nallnu  (conUuln,  n “ 4)  on  day  0.  The  ousel  and  duration  of 
vircmia  in  virus- Infect ed  monkeys  Is  Indicated  by  lla*  shaded  ari*a. 
Hiaud.'ud  err»u*s  ol  the  meant!  are  prenenied  wIktc  th“  v.jiuej!  are 
slgnincauily  difl'ereiu  from  tUoae  of  controls  (P  < 0.0!>). 


